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SHOT REFRACTION  PROFILES  IN  THE  ATLANTIC 
COASTAL PLAIN  to   MiLfcS  EAST  OF  AwcROSE  LIGHTSHIP 

by 

R.   0-   Carlson  and M.   V.   Brown 

ABSTRACT 

Two  mutually  perpendicular  profile a were   obtained by re- 

versed refraction  shooting  across  a point   at  4Q027'55HN  and 

73°41'40nW,   about  8 miles   south of  Long Beach,   Long Island,   and 

6 miles east  of Ambrose  Lightship.     Three ground layers were de- 

tected with  slopes  of  less  than  1°   along either profile.     The 

seismic  velocities  and  thicknesses  of the  layers  are  as follows: 

water-4905   ft/sec,   80  feet;   unconsolidated  sedlment-5630 ft/sec, 

750  feet;   seml-consolldated  eedlmen-c-6750 ft/sec,   1040 feet;   rock 

baseraent-16,600 ft/sec.     The velocity values  and rock basement 

depth are   in  agreement  with previous  seismic refraction results 

for  nearby   ocean   areas. 
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INTRODUCTION 

During the month of June, 1953, two mutually perpendicular 

reversed refraction profiles were made in a shallow water area 

a miles south of Long Beach across a point designated as X-Ray, 

40°2'
;
'-D£''. and ?3°M'40"W.  The purpose of this experiment was 

to determine several of the physical parameters of the area such 

as + he thickness of sediment layers underlying the water, the ve- 

locity of sound in the water, and the velocity of sound in the 

sediment layers and the rock basement,  Previous shot refraction 

profiles to the east of point X Ray x c'   and fresh-water well 

leg data on nearby Long Island vw made it possible to estimate 

beforehand that we could expect one or two sediment layers over- 

lying a rock basement at a depth of about 17GC feet (measuring 

from the ocean surface).  One profile was chosen to be along the 

direction of expected maximum basement slope, 

LOCATION 

The position of point X-Ray was marked by the Coast Guard 

with an anchored buoy  The depth of watei near X-Ray is about 

BZ   ieei   "ig- 1 is a chart of the area involved in this shot 

refraction project showing point X-Ray previous snot refraction 

stations,    and well positions on Long Island. N<"-  The four 

8hor receiving stations are indicated as ABLE BAKER CHARLIE, 

and DOG,  The first reversed refraction profile was fired along 
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the line joining ABLE and BAKER, making on angle of 58° with True 

North.  The second reversed refraction profile was fired along 

the line Joining CHARLIE and DOC at an angle of 148° with True 

North,  The four receiving stations were selected to be one nau- 

tical mile from point X-Ray. 

The shot firing snip for this experiment was the U3S ALLE- 

GHENY (ATA-179).  A 40 foot Navy Retriever boat was used as the 

listening station.  The snot arrivals through the water and var- 

ious ground layers were received by a Brush AX-58-C hydrophone 

lying on the ocean bottom at a depth of about 80 feet, were am- 

plified by a geophysical amplifier with a gain of the order of 

40 to 60 db . filtered, and then recorded on a Southwestern  In- 

dustrial Electronics Oscillograph Camera.  Eight channels were 

used on the recording earner*.  three for the low frequency fil- 

tered hydrophone signal (up to 50 cos), three for the high fre- 

quency filtered and rectified hydrophone signal (above 500 cps), 

and two for the radioed shot signal.  To give the firing time 

of the shot, the shot signal picked up by holding a microphone 

against a bulkhead of the firing ship was transmitted to the Re- 

triever.  The speed of the firing ship wae known and the inter- 

val of time between the throwing of the charge over the ship's 

side to the explosion was measured.  From this data the correc- 

tion for the time of travel of the shot sound wave through the 

water to the firing ship was easily made. 
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PROCEDURE 

The  procedure   followed  In  obtaining  a refraction  profile   is 

illustrated  by Event  ABLE.     The  firing ship proceeded  to poeition 

X-Ray   and,   using  its  radar  and  pelorus,   moved  out   one   nautical 

mile   on  the  bearing of 233°   T  to  station   ABLE.     The  Retriever  came 

up  alongside   and  anchored.     The   firing  ship  then  moved  away  and 

stood by  until  the  Retriever  had  lowered   its   hydrophone   and was 

ready  to  receive   shot   sound  arrivals.     The  Retriever requested 

that   a charge  be   fired  at   a giver, distance   from  it   on  the  line 

Joining  ABLE  and X-Ray.     The   firing  ship  maneuvered  until   it  was 

or.  a course   at  right,   angles   to  the   ABLE-X-Ray   line   and  then  steamed 

at   five  knots   or  more   to   Intersect   the   line   at  the   prescribed  dis- 

tance   from  the  Retriever,   as  measured  by  the   ship's  radar.     The 

charge was  dropped  as  the   firing  ehip  crossed the   ABLS-X-Ray  line. 

Distances   and  charges   for   each  event  were   chosen   so   as  to  give   a 

number  of  first   arrivals   (or  definite   later  arrivals)   from  each 

s^sr.ec^ed   sediment   layer   or*  th^   nr>  baser.ent.     The  distances 

specified   for   each event   were   1000,   2000,   5000,   5000,   7000,   9000, 

and  12,000   feet.,   although  additional   shots  were  fired  at   inter- 

mediate  ranges   in   some  events.      In  the   rase   of  a dud,   the   charge, 

vr.u h was  tied  to hang about  30   fee"  below  a five gallon can  float, 

v,at:   toved   to   a  seaward disposal  p'."'.--4"   and  sunk.     After  each  shot, 

the   camera record  was developed  and   the   shot   arrivals  plotted.     In 

*•'."•• s way,   it  was possible  tc   study  the  travel  tine  graph  immediate- 

ly- 
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WATER WAVE ARRIVAL 

The rectified high frequency camera truces were used to de- 

uce L. Uiif ai'i'ivu_L ' '-. uiie BOUHu VaVc ^TaVc xxu^ crxuj.rc.i-y yi.rou^.i 

the water.  The temperature of the ocean water from the surface 

to the bottom was measured each working day using a bathythermo- 

graph.  The salinity of the water around X-Ray, as obtained from 

reports by Stockcon, x *' "' was approximately cl parts per thousand 

for the bottom naif of the water layer.  In Table I, the temper- 

ature data and the velocities obtained from tables of sea water 

sound velocity ^c' are presented.  Since the first arrival water 

wave travels in the region from 21 feet deeo down to the ocean 

bottom, the average velocity for this region was used.  For Events 

ABLE and 3AKER. this average velocity was almost exactly 4900 ft/sec, 

while for Events CHARLIE and DOC, it was 4910 ft/sec. 

In Table II, a comparison is made of the radar range of the 

Retriever at the time of each shot- with the range computed from 

the water wave arrival time and average sound velocities in water 

as given in Table I.  Since the travel times can be measured to 

thousandtns of a second, the estimated error in "computed" ranges 

due to an error in measured travel time should be about 0.8%  for 

the shortest range diminishing to less than 0.2.%  for the longest 

range.  The spread of differences between radar and "computed" 

ranges can be accounted for by the difficulty in reading the ra- 

dar screen in the short time available and by the fact that there 
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were   several  radar  observers,   each with  slightly  different  radar 

scope  reading  hablte. 

It   is   striking,   however,   that   for  Events  ABLE  and  BAKER and 

Shot   la of  Event   CHARLIE   (carried  out   on  June  £ord   and  £5th)   the 

radar range   is   always   less  than  the   "computed"   range  with only 

one   exception.     For  Events  CHARLIE  and  DOG the  opposite   is   true, 

i.e.,   the  radar  range   is   always  greater-  than  the   "computed"  range. 

It   was  noticed   after   one   event   that   the   ship's  radar   scope  was  not 

accjrately  centered,   i.e.,   the   center   of  the  radar   sweep beam  did 

not   coincide  with  the   center  of  the   scope  grid.     Such non-center- 

ing  could  lead   to  a recurring error during the  course   of  an event 

in which  the  listening boat was  always  on the  same  bearing from 

the   firing  ship.     If   the   radar  beam were  left  the   same  in both 

Events   ABLE  and  BAKER,   the  radar   "error"   should be   of  opposite 

sign   in the   two  cases   since  their   true  bearings would be  180° 

apart   on  the  radar   screen.     Since   this was  net   true,   it  means 

that   if  the   radar   "error"   in Event   ABLE were due   to  non-center- 

ing  of  the  radar  beaiE,   the  radar  beam  must  have  been readjusted 

before  Event   BAKER two days  later.     No  note  was  made whether   such 

radar  adjustments  '"ere   made   or   not. 

RECIPROCAL RANGES 

In drawing trie travel time graphs, it is helpful to have the 

range between the two stations comprising the reverse profile 
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(reciprocal range) so that the reverse points can be plotted. The 

firing snip located eacn listening station with respect  to the 

anchored buoy at a radar rar.ge of one mile.  From Table II,  it 

appecti-8 that for a radar range of 202? yards, the corrected range 

would be 125 yards greater for Event ABLE, 120 yards greater for 

Event BAKER, SC yards less for Event CHARLIE, and 90 yards less 

for Event DCG-.  Carrying cut these radar range corrections, the 

distance between ABLE and BAKER or reciprocal range is 12,900 feet, 

corresponding to a water travel tine of 12900/4900 = 2.633 seconds. 

The distance between CHARLIE and DOG is 11,650 feet, corresponding 

to a water travel time of 1165C/4S10 = 2.3?o seconds. 

BUBBLE PULSES 

Since the cnarges used in this experiment, ranging from 1/2 lb 

to 12 1/2 lb, were net fired on the water surface, bubble pulses 

were obtainec on each snot record.  The first bubble pulse inter- 

vale were measured ana the data fitted to the first bubble pulse 

interval equation 

T = 4.19 W 1/Z I   (H + 5o)5/t , 

T being the first bubble pulse interval In seconds, W the charge 

(7) weignt in pounds, and H tne depth of tne charge in feet.    It 

was found that the pulee intervals corresponded to a depth of 

about 30 feet only for the heavier charges, those over 4 lbs. The 
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1/2 it charge intervals were of the order of 0.14? seconds (aver- 

age value), corresponding to a depth of only 9 feet.  The 1 lb 

charge pulse interval correspond to a firing depth of 13 feet, 

I 1/2 it charges a depth of 25 feet, and 2 It charges a depth of 

2C feet.  The conclusion drawn from these calculations is that 

the lighter charges may not have had sufficient time (approx- 

imately 3G seconds) t: Gin:-: 22   feet celov the float before they 

exploded.  The sinking rate for free failing i/2 it demolition 

(a) 'clocks car. be obtained from a report ty Officer and tfuenschei. v°' 

Their curve Indicates that a *"ree   failing 1/2 to i lb block 

should sink 50 feet in do seconds, which is considerably more 

tr.ar. the experimental bubble p^ise interval would indicate. How- 

ever, it may be that the cord used to tie the charge block to 

the oil can float retarded the sinking rate to such an extent 

that the block only sank 9 feet in 3G seconds.  All travel time 

calculations were made on the assumption that the shots actual- 

ly v.ere fired 30 feet below the water sur*"uce since the corres- 

ponding difference in travel time through the water is negligible. 

THEORY 

The   theory  involved   in  the  deriva^ir.r  of rravel  time  equa- 

• :ons  has  been  covered  in  oonaidera'c'le  derail by Ewingv"^     and 

\r.  geophysical  books   such   as   that   of  Dobrin. u;     The  wave  paths 

for   :ur  particular  cace   ar<-   shown   in  Fig.   2. 3ince   these  wave 
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paths are slightly different from tue standard arrangement In 

which :he shot arid hydrophone are both on the ocean surface, 

the travel times will be derived in this section.  The veloc- 

ities, dept.hg, and angles are as defined in Ewing' S paper. We 

shall assume a uniform velocity in the water. 

For path (1) entirely in the water, L, = V x-1 » yA    ~  _*_ 
v.      v, 

where we nave for cur case (y-viV*, *~ /ooo\  V, - ¥900 ///sec) 

neglected the term in y. 

For  path   (2)   through  the  water  and   along  the  water-u.ncon- 

solidated  interface; 

•*sx=   ¥•  +    *~y — ^^ s-X.   + x. y -kcir* \,iiL Sm A^JA. 

where we  have  used   Vi .. 3ir>  i .     Combining,1^a *    .   / coa ^'^ 

For  path   (o)   through  the  water,   across  the   unconsolidated 

layer,   and  along  the   unconsolidated-semj-consolidated   interface: 

+ 
v3 

.'sing \£ = e»r. <„a „       the  y  terms become 

^ro-5%i    Vi00* Van Vj_ 

_____ 
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The   second  and third     y     terms  combine as: 

y ^n ^«i s,n ^jgj ccu \i± 

This term then combines with the fourth y tern to give: 

Using V, _ *»*» t|3        . this tern; then combines with the 

N4L 6m(Vj 3-^j ,   1 v 

fir st     y term  to give: 

y   cos 

v, 
*n 

The ru,   term c ar.   L; e  re placed   ! - J "2a 

*~ a 
terms  £>ive ; O- hACL cos Sji 

vk 
The x     terms   are: 

X sin cJA3 X 
-L. 

cos   CO, » X sir 

- x sir. to o.-»  so the 

and with ^: £Jn I    , the first and third terra combine and 

the  x expression cecomes: 

S in X ...u~„«    »/. Cs^-^^s/1 " 77       where   viCL 

is the apparent velocity in the third layer 
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Altogether  then,   one  nas: 

•3a 
y co* ^(3 

For  path   (4),   the   previous  reasoning can  be   followed  to 

The relations  between  the  various   angj.es   in  Fig.   2     are 

given by  9nell'B  Law  a.a: 

6a 
Vt    -        s.n<y(:l V4 

V. 
•=.  Sin qf 

/* 
VJ     _     e>m e* M< 

*CL V* *n«a#-^i^ 

V3    "  *^C^~^jvJ 
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RESULTS 

The   travel  time  graphs   are  plotted  in  Fige.   3   and  4.     Several 

of   the  lines   are  poorly  determined,   such  as  tne   Berai-conBoiidated 

refraction   arrivals   in  Fig.   Z  for  the   AELE--BAXER profile   and  the 

semi-consolidated refraction  arrival  in Fig.   4  for  the   CHARLIE-DOG 

profile=     T'ne   intercepts   for  the  various  refraction  arrivals  are 

listed  in  Table   III   along with   -he   velocities  computed  from  the   in- 

verse   slopes   of  the   lines.     Since   in  each  case  the   velocities   for 

the   reverse   stations   are   almost   equal,   the   slopes   of  the   sediment 

ar.d   rase...er.t   interfaces   must   be   very   small. 

The   computed  velocities  and  layer   t.nickneeses   are   summarized 

in  Table   IV,      Only   tne   unconsoiidated-serai-consolidated  interface 

for'   tne   ABLE-?AK:L?.  profile   ras   an   appreciable   slope   and  even   this 

la   somewhat   d^ctful  because  of   the  difficulty  cf   establishing  the 

ABLE  and  BAKER  intercepts.     The   thickness   of  tne   unconsolldated 

sediment   1 flyer   at  X-Ray,   h~£;  computed   from  the   two  reversed  pro- 

profiles   do   not   a£ 'fie   i^nc   it   is   probatle   that   the   deptn   at   ABLE 

is   too   small.     Tne  maximum  basement   slope   at  point  X-Ray  does   not 

appear-  to   lie   along  the   aire^ticr.   of   Station  DOG:   nowever,   it   is 

difficult   to   say   :usi.  what   the   maximum   slope  dire 

cf   tne   small   angles   involved   and   jcnsequent   coraparltively  large 

change   in   slope   for  a   small  change   in   the   travel   time   graph  inter- 

cepts-     Tne   total  depth   to   the   basement   at   X-Ray,   1870  feet,,   ie 

in   agreement  with  the   estimate   of  1700   feet. 

Figs.   5   and  6  show  cross  sections  through  the   ABLE-BAKER  and 

the   CHARLIE-BOG Stations. 
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DISCUSSION   OF  RESULTS 

The  average  velocities  for  the   unconsolldated,   semi -consol- 

idated,   and  basement   layers  are   in good  agreement  with  the   aver- 
(2) age  velocities  found  by   Oliver   and  Drake: 5400   ft/sec  for  un- 

consolldated  layer,   6500  ft/sec  for  semi-consolidated layer,   and 

13,400  ft/sec   of the roc/,  basement.     They  found  these   "hree  layers 

at   one   seismic   station   southeast   of Block   Island  and  two   stations 

south of   ShinnecocK   Inlet   near  the  eastern end  of  Long  Island.   At 

Station 7,   shown  or. Fig.   1,   Ewing et  ar       found  only  an unconsol- 

idated  sediment  layer  of  velocity  5600  ft/sec  and  a rock basement 

2100  feet down with a velocity  of 18,800 ft/sec.     Evidence  of  a 

aeml-consolldated  layer  of velocity 10,900 ft/sec   appeared  only 

on  the  south  side   of  Station  7.     Since   this  velocity   is  so  much 

higher than   the   semi-consolidated  layer  veloc .ty  found  in this  ex- 

periment,   it   ie probable   that  the materials  comprising the   seml- 

conaclidated"   layers  are  quite  different   in  the  two  cases. 

An  extensive   study  of  the  underlying geological   formations 

of  Long  Island  has  beer,   made  by   the  New York  State   Conservation 

Department.     Their  reports*   ''   shew  the  basement  rock  and  in- 

termediate   layer  contours  biased   en  fresh-water well  log data  over 

the  whole   Island.     The  basement  rock   surface   contour  extrapolates 

very well  to  cover-  the results  ~f  the  present  experiment  an-3   ear- 

lier  seismic  work.     In  addition,   their  north-south cross-sectional 

nr-of 1 l?e  in?In «*•«?• tr.:.t   - \-  *-nconsollcHtft»i  l.-trer  in  our  seismic 
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work may be identified with the Magothy layer known to exist un- 

der the top glacial deposit of western Long Island.  The semi- 

consolidated layer may be identified with the Earltan and Lloyd 

layers.  It is probable that the Raritar. layer runs out ae one 

proceeds southeasterly from New York harbor so that at Station S 

it has been replaced by other deposits of higher sound velocity. 

PRECISIGN OF RESULTS 

It is impossible in a shot refraction experiment to give 

more than crude estimates of tr.c precision of the results for 

the following reasons: 

(1) The reading of the camera records involves personal 

judgment in the selection of the ground arrivals.  Even though 

a selected point on the camera record can be measured to i 0.001 

second, in many cases the actual start of the ground wave ar- 

rival on a record (especially a second or third arrival) may be 

difficult to estimate within t   0.01 or even 1   0.1 second. Hence, 

the considerable number of questionable points on the travel 

time graphs. 

[2) Except for several of the basement refracted arrivals 

and the semi-consolidated layer refracted arrival at Station 

CHARLIE, only two tc four points can be counted on for deter- 

mination of the travel time grnph lines.  With so few points to 

determine a line, it is difficult to assess the possible errors 

in the slope and intercept values of Table III. 
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(3) For the computation of the velocity of sound in sea wa- 

er at the time of the experiment in late June, it was necessary 

to use sea salinity data taken several years earlier at another 

month of the year.  The estimate of salinity as 31 parts per thou- 

sand for the near bottom sea layers may be in error by several 

pares per thousand.  This salinity error and the .error caused by 

assuming that the temperature of the Bea water remained constant 

over each working day at- the bathythermograph values limit the 

accuracy cf the water sound velocity VV to about 1/256. Y^ , of 

course, enters into the calculation of each of the other layer 

velocities. 

(4) The reciprocal ranges were obtained from "corrected" 

radar ranges and their accuracy is unknown.  The choice of dif- 

ferent reciprocal ranges would affect the values of the reverse 

points and hence the values of the slopes of the travel time 

graph lines. 

(5) The velocities cf the various ground layers were as- 

sumed to be constant over the length of euch  profile, whereas 

there may actually be a change in the material density and bound 

velocity in the ground layers over the two mile ranges of the re- 

versed profiles. 

(6) Errors In the calculation of layer thickness are cumu- 

lative since each layer intercept calculation involves a term 

for the previous layer thickness. 
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l7)  A lov velocity sediment layer (i.e., with sound velocity 

lover than that In water) would not be detected in this experiment. 

Taking into account the sources of error listed above, and 

weighting the results cf the two reversed profiles, we estimate 

that the set of velocities in Table IV hae a precision of 1   2% 

while the e«t of layer thicknesses at X-Ray has a precision of 

CONCLUSIONS 

From this experiment.several of the physical parameters 

nave been determined at Point X-Ray.  Since the layer interface 

slopes are small, a.  parallel sediment layer model is a good ap- 

proximation for this area.  Somewnat better valuer and certain- 

ly better internal data consistency would have been possible if 

mere ehots hai*. been fired and recorded on each profile.  Tne ve- 

locity and depth values obtained for each seismic refraction lay- 

er are in good agreement with previous experiments, including 

both seismic work offsnore of Long Island and fresh-water well 

log data on the island itself. 
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• into   YT 

COMPARISON OP RANGE COMPUTED FROM 
'7ATER WAVE TRAVEL  THE WITH RADAR RANGE 

Event ABLE - 23 June 1953 

SHOT NO. WATER WAVE         1         COMPUTED RADAR Dli-FEHEHCJS 
TRAVEL TIME                      RANGE RANGE 

13 0.464 seo 2370  ft 1950 ft 420 ft 

6 .621 2560 1950 610 

7 .580 5550 2850 480 

10 1*079 5290 4950 340 

11 1.491 7310 69C0 410 

12 2.535 12,400 12-150 
i 

)        350 

Shots  l,2,3e4,5,8,9 -were either duds,, not reecrded,  inside 
radar range, or radio signal was lost.    Sound Telocity used 
for ABLE was 4898 tt/aeo  (see Table  I). 

Event BAEER - 25 June 1953 

SHOT NO. WATER WAVE COMPUTED RADAR DIFFERENCE 
HAVEL TIME RANGE RANGE 

2 0.496 aeo .2430 ft 1980 ft 450 ft 

3 .686 3360 3000 360 

A 
it 1 .OOQ 5380 4975 505 

5 1.464 7170 6975 195 

6 1.878 9190 9030 160 

LO 2.165 10,300 10-050 550 

9 2.329 11,400 12,000 -600 

Shots 1,7.8 -irsre either inside radar range or not reoorded. 
Sound vtlooity used for BAKER was 4900 ft/seo. 
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TAHLE  II   (cont'd) 

fc-renfc CHARLIE - 26  June   (Shot la) - 30 June   (Shots  1-8) 

SHOT NO.     j WATER WAVE COLrpUTED RADAR DIFFERENCE 
TRAVEL TBffi RANGE RANGE 

la .286 S9c 1405 ft 1125  ft 280 ft 

1 .383 1880 1950 - 70 

2 .531 2610 2850 -240 

3 1,000 4910 5025 -115 

4 1,138 5590 5850 —260 

5 1.392 6850 7050 -200 

9 1.515 7450 7650 -200 

7 1.735 8520 8700 -180 

6 1*257 9610 9S00 -290 

Shot 6 - lost radio shot signal.    Sound velocity used for 
C'lARLIE was  4911 ft/sec. 

Event i>0G - 1 July 1955 

SHOT NO. WATER WAVE CCI.TUTED RADAR DIFFERENCE 
TRAVEL TB!E        i RANGE RANGE 

2 0.334 seo. 1940 ft 2100 ft -160 ft 

3 .667 2790 3000 -210 

* .938 4610 4950 -340 

5 1.130 5550 5775 -225 

6 1.355 6660 =330 

7 1-.546 7600 8070 -470 

8 1.740 8550 9000 -450 

2 1.S66 9660 10,140 -460 

10 2.337 11,500 l<i,000 -600 

11 15,030 15,450 -420 

Shot 1 was withlu radar range.    Sound velscity used for DOG 

-.vafl 4siu ftAco. RESTRICTED 
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TAFIE III 

TRAVEL TIME GRAPH INTERCEPTS 

STATTOT; LAYER INTERCEPT 
at    t S 0 at    t = 2.633 

• •1VS1V1BI    XXI   x i/»»o 

from Reciprocal Slope* 

ABLE Unconsolidated o*oow 2.277 V^ a    5686 

Semi-consolidated 0.118 2.075 V3A-    6590 

Rook fc&sssent 0.521 1.256 4A —    ' 

BAKER TJnccna oliaatea 0.005 2.277 V2BH    6679 

Semi-oonsolidated 0.144 2.075 V3B=    668° 

Rook basement 0.548 1.236 

  

V._ - 18750 
4B  •" 

STAT7.CN LAYER INTERCEPT 
at    t = 0 

INTERCEPT 
at    t - 2.373 

Velocities in ft/seo 
from Reciprocal Slopes 

CHARLIE Unconsolidated 0.011 2.103 V2C -    5570 

Scii-consolidated 0.167 l.OOl V-j, •    6880 

ROCJ: bftseTTwnt 0.545 1.171 V4C - i870° 

DOG Unconsolidated 0.010 2.108 V2D S    55TO 

Semi-oonaolidated 0.165 1.861 V3D =    S^70 

Rook basement 0»551 1.171 V4D= 18800 
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CROSS SECTION THROUGH THE 

ABLE-BAKER STATIONS 

ADI   c-  ^<;fl°T 
POiNT 

RAKTR 

m :==r^?=~ WATER   V. = 4900 E^ZEEE 

ggnftjl    V4 = 18390     H^^^V/^J^7^'^1 

34 

(VERTICAL   SCALE    GREATLY   EXAGGERATED) 
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CROSS    SECTION    THROUGH   THE 

CHARLIE-DOG   STATIONS 
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